Introduction
In the early 1970s, Staib et al. demonstrated that under defined experimental conditions, Cryptococcus neoformans was able to colonize a variety of plant materials. The fungus was also isolated from a peach fruit collected from a local market in Berlin [1 Á/4]. Kohl et al. reported C. neoformans var. gattii from a meningoencephalitis patient who had been working as a ventilation mechanic in sawmills and woodworking factories in Bavaria, southern Germany, and was exposed to high levels of wood dust, including dust derived from imported tropical trees [5] . In 1986, Bauwens et al. reported C. neoformans var. neoformans from outside and inside a trunk hollow within an aviary at the Antwerp Zoological Garden [6] . A reference was made in this paper to the unpublished work of D. Swinne, who was said to have isolated C. n. var. neoformans from sawdust of tropical trees (e.g. Entandrophragma spp., in a sawmill in Kinshasa, Congo). It was stated that although the isolation of C. neoformans from bark and wood in aviaries could be due to contamination with bird droppings, it was nevertheless possible that some trees could provide a natural habitat for C. neoformans. Further investigation on the role of wood in the natural history of C. neoformans was suggested. In 1990, Ellis and Pfeiffer, from Australia, reported that plant debris under the canopies of Eucalyptus camaldulensis trees was a source of the C. n. var. gattii serotype B [7] . These observations were later extended to E. camaldulensis trees in San Francisco, California, and to E. tereticornis in Australia [8, 9] . These discoveries stimulated a number of studies focusing on decaying wood in trunk hollows of a wide variety of living trees. As a result, 22 tree species belonging to diverse genera and families have so far been reported to harbour one or both C. neoformans varieties [10 Á/19] . We previously reported isolating C. n. var. neoformans from decayed wood debris collected from trunk hollows of Butea monosperma, the forest flame tree, and Tamarindus indica, the tamarind tree, in the Delhi and New Delhi area, and from the bark of a Eucalyptus tree in Amritsar [15] . We also reported decaying wood inside a rotten hollow of an old beam of sal wood (Shorea robusta ) as a natural habitat of the melanin-forming (Mel'/) variant of C. laurentii [20] . In the present paper, we show that decaying wood in trunk hollows or fissures of living Syzygium cumini and Ficus religiosa trees supports abundant growth of C. n. var. gattii and C. n. var. neoformans.
Material and methods
One hundred and eighty-one samples, including 138 samples of decaying wood in trunk hollows and fissures, 33 bark samples and 10 samples of flowers or berry fruits, were collected from 99 living trees belonging to 10 species from eight plant families. The samples were tested for C. neoformans growth. The trees were selected on the basis of having hollows or deep fissures in their main trunk; most also had very large canopies. They were growing along the roadsides or in public parks in the Delhi/New Delhi metropolitan area. No avian excreta were discernible in the trunk hollows, nor were any birds seen inhabiting them. Occasionally, the rotting wood was seen to be infested with ants, termites or other insects. Also regularly seen on the trees were the wall lizard, Hemidactylus flaviviridis, and the squirrel, Sciurus vulgaris. The samples were collected from November 2000 to October 2002. Among the tree species investigated were S. cumini and Callistemon citrinus (Family Myrtaceae), F. religiosa and Morus alba (Moraceae), Acacia nilotica (Mimosaceae), Dalbergia sissoo (Fabaceae), Bombax ceiba (Bombaceae), Casuarina equisetifolia (Casuarinaceae), Melia azedarach (Meliaceae) and B. monosperma (Papilionaceae). Decaying wood pieces from inside trunk hollows, as well as bark pieces, were taken with forceps and long-bladed knives disinfected with 70% ethanol, and stored in clean polythene bags. The bark samples were in a dry, shrivelled state and were readily removed from the tree trunks. Flower samples were plucked fresh from the trees. The samples were taken to the laboratory and processed on the day of collection. In case of any unavoidable delay, they were stored at room temperature and processed within 48 h.
About 1 g of each sample was suspended in 10 ml of sterile physiological saline containing gentamicin (25 mg/l). The suspension was stirred for 2 min on a Vortex mixer (Remi Equipments, Mumbai, Maharashtra, India) and allowed to settle for 30 min. The supernatant was collected with a sterile Pasteur pipette. Aliquots of 0.1 ml of supernatant, as well as of 1:100, 1:500 and 1:1000 dilutions of this material in sterile water, were streaked on duplicate plates of simplified Staib's nigerseed (thistle; Guizotia abyssinica ) medium [21, 22] of the following composition. Niger seed, 70 g; glucose, 1 g; chloramphenicol, 40 mg; gentamicin, 25 mg; diphenyl solution (0.1 g/10 ml 95% ethyl alcohol), 10 ml; and distilled water, 1000 ml. The inoculated plates were incubated at 28 8C and examined first at 48 h and thereafter daily for 8 days. Yeast-like colonies showing a brown pigment or mucoid character were examined microscopically and isolated in pure culture by dilution plating. Identification of the isolates was based on morphological and physiological characteristics, as determined with the VITEK 2 System (bio Mérieux, Marcy-l' Etoile, France) and various standard techniques [23 Á/26] . Serotyping of the isolates identified as C. neoformans was done by the slide agglutination test based on monoclonal antibodies specific for different forms of the capsular polysaccharide (Crypto-Check, Iatron Laboratories, Tokyo, Japan).
Results
Of the 10 tree species investigated, only S. cumini (black plum, Indian black berry, Java plum) and F. religiosa (peepul tree) were found to harbour C. neoformans (Table 1 ). The isolates were found in decaying wood inside trunk hollows or fissures (Figs. 1Á/3). S. cumini is a medium-sized evergreen tree, up to 25 m high and with a dense, well-formed canopy. It is widely distributed in tropical and subtropical parts of India, Sri Lanka, Malaysia, the Malay Archipelago and Thailand. It is also found in the Philippines and Australia, and has been introduced into the West Indies, Florida, California, east and west Africa and Israel. F. religiosa is also a large spreading tree, about 25 m high with longitudinal fissures and ridges on the trunk. The tree is sacred to Hindus and Buddhists and is often planted near temples and monasteries. It is a very useful shade tree because of its dense crown. It is found naturally in the Himalayan foothills from Pakistan through India to Bhutan and Myanmar. It grows wild throughout the Indian subcontinent and is extensively planted in Sri Lanka and less frequently in Kampuchea, Thailand and the Malaysian region [27] . The S. cumini and F. religiosa trees sampled grew in rows on both sides of local roads and provided considerable shade. The fact that the trunk hollows were deep and often extended vertically up to several metres suggested that decay had been going on up to decades (Fig. 2) . No eucalypt trees were found near the sampled S. cumini and F. religiosa trees.
Colonies of C. neoformans grew from positive samples within 48 Á/72 h and had a typical phenotype on simplified Staib's niger-seed medium, with varying shades of brown pigment that darkened on longer incubation (Fig. 4) . Fourteen of the 66 (21%) S. cumini and 3/17 F. religiosa trees investigated were positive. C. n. var. neoformans was isolated from seven S. cumini and three F. religiosa trees, whereas all seven isolations of C. n. var. gattii came from S. cumini . All but one C. n. var. neoformans isolates belonged to serotype A (one could not be serotyped). Only six of the seven C. n. var. gattii isolates were typeable and they were all serotype B. Of the three C. n. var. neoformans-positive F. religiosa trees, two yielded C. n. var. neoformans from decaying wood inside trunk fissures, while one of eight bark samples tested also proved to be positive for the fungus. None of the trees revealed mixed colonization by C. n. var. neoformans and C. n. var. gattii. This observation was based on identification of 44 C. neoformans colonies isolated from 17 positive trees. None of 18 bark samples, six fruit samples or three flower samples collected from S. cumini trees yielded C. neoformans.
Of the seven repeatedly sampled S. cumini trees known to harbour C. n. var. gattii , trees TT-41 and TT-115 were positive on all six occasions when testing was done ( Table 2 ). S. cumini trees TT-151, TT-44, TT-171, T-28 and TT-110 had cultures positive for C. n. var. gattii on 7/8, 4/5, 4/5, 5/8 and 4/6 occasions, respectively. Overall, C. n. var. gattii was isolated on 36/44 (82%) occasions on which the seven S. cumini trees were sampled over a 689-day follow-up period. For C. Fig. 1 A row of Syzygium cumini trees seen on a roadside in Police Lines, Delhi, India. Decaying wood in trunk hollows of several of these trees were repeatedly found to be positive for Cryptococcus neoformans var. gattii , serotype B, whereas several others yielded C. n. var. neoformans, serotype A.
n. var. neoformans, trees TT-85, TT-47 and TT-48 of S. cumini yielded repeat isolations on 7/8, 5/6 and 2/5 occasions, whereas TT-72 and TT-71 of F. religiosa were found to be positive on all of the five and three occasions, respectively, when testing was done. The overall recovery of C. n. var. neoformans from the two tree species together came to 22/27 (81%) occasions during the 680-day follow-up. Determining the clonal character of any of these C. n. var. gattii and C. n. var. neoformans isolates was not possible, due to lack of infrastructural facilities for molecular typing. Apart from these observations, repeat isolations from decaying wood inside a trunk hollow of B. monosperma, a tree reported positive for C. n. var. neoformans in our earlier study [15] , were attempted in multiple samples collected on 7 November 2000 and again on 11 March and 20 May 2002, but the results were consistently negative. We also intended to repeat the testing of a T. indica tree that had been found positive for C. n. var. neoformans in June 1996 in our previous study, but we found that this tree had been removed by the New Delhi Municipal Corporation.
It was noted that trees found to be positive for C. neoformans supported populations that showed wide quantitative variations, not only from tree to tree but also from season to season in the same tree (Table 3) . For example, in the extremely hot summer month of June, populations of C. n. var. neoformans in trees TT-47 and TT-72 showed a seven-to eightfold decline from levels seen in March, when Delhi experiences a mild spring. Likewise, there was a more than threefold fall in the population density of C. n. var. gattii in TT-151 in June, compared with the density seen in the winter month of December. In the trunk hollows of S. cumini sampled, the lowest density seen was 2.0 )/10 3 c.f.u./g (C. n. var. neoformans ) in TT-47, and the highest was 6.0 )/10 5 c.f.u./g (C. n. var. gattii ) in T-115. Densities of 1)/10 4 and 8 )/104 c.f.u./g were seen in F. religiosa tree TT-72. The small sample size of the study prevented the delineation of definite trends in these data.
Discussion
Our results reveal that that decaying wood in trunk hollows and fissures of S. cumini and F. religiosa serves as a natural habitat for C. neoformans. Previously, C. n. var. neoformans has been reported from rotten wood and other plant debris inside a trunk hollow of S. cumini (synonym: S. jambolana ) in Rio de Janeiro, Brazil [10] . The isolation was obtained via mouse inoculation and could not be repeated from the same or other S. cumini trees. The observation was interpreted as representing transient contamination. The investigators, however, pointed out that the microenvironments in trunk hollows were protected from sunlight and were rich in organic matter and therefore represented a potentially suitable site for C. neoformans colonization. To our knowledge, the association of C. n. var. gattii with S. cumini revealed by the present study has not been reported previously.
In India, C. neoformans has been only rarely reported from plant sources [15,28 Á/30] . C. n. var. neoformans has been sporadically isolated from raw vegetables and from eucalypt bark and B. monosperma and T. indica tree hollows, as detailed above. Our inability to reisolate C. n. var. neoformans from multiple samples of decaying B. monosperma wood in the present study suggests that this tree species requires further investigation to determine whether it is a significant source of a conducive habitat for C. neoformans growth. As to the environmental distribution of C. n. var. gattii in India, serotype B has been reported from flowers of three E. camaldulensis trees in the Ferozepur area, Panjab, by Chakrabarti et al. [28] , whereas 623 additional samples of material from E. camaldulensis, E. tereticornis and E. citriodora were negative for the yeast. As the number of C. n. var. gattii colonies isolated from the flowers was not given, the ecological significance of these observations awaits clarification. It should be mentioned in this context that C. n. var. gattii has not been found in eucalypt sampling done in north-western or southern India [15, 30] . The available evidence suggests that decaying wood in trunk hollows of S. cumini is the most important natural habitat for C. n. var. gattii serotype B in the Delhi area, and possibly in many other parts of India where this tree species occurs. The highest population density of C. n. var. gattii reported to date in decaying wood of any host tree is 2.6 )/10 3 g for Cassia grandis in a Brazilian study [13] . The peak count in one of our S. cumini wood samples was 6 )/10 5 c.f.u./ g, which exceeds the Brazilian record by 230-fold. Even the lowest count obtained from a positive S. cumini wood sample, 0.4 )/10 4 c.f.u./g, exceeds the highest recorded C. grandis count by a ratio of 1.5:1. It would have been interesting to compare these figures to population densities of C. n. var. gattii in Australian E. camaldulensis and E. tereticornis debris, in view of the significant ecological association between this yeast and eucalypts [7, 9] , but no such data are available. The trunk hollow habitats from which we collected C. n. var. gattii in Delhi differ markedly from those in which Ellis and Pfeiffer made their historically important collections in Australia [7, 9] . They found that flowers and other plant debris of E. camaldulensis and E. tereticornis constituted the main natural habitat of C. n. var. gattii, and postulated that C. n. var. gattii had spread to other countries of the world through Australian export of infected E. camaldulensis seeds. Also, they speculated that dormant dikaryotic mycelium of C. n. var. gattii overwintered in the ovaries or anthers of E. camaldulensis buds, and that basidiospores were produced and released into the environment at the time of flowering [31] . However, no unequivocal evidence was provided to support these ideas: there was no isolation data or histological finding connecting C. n. var. gattii to seeds, ovaries or anthers of any eucalypt tree. Ellis and Pfeiffer's hypothesis seems to have been derived purely by analogy with Ustilaginalean smut fungi.
Our results reinforce the recently emerging evidence that the natural habitat of C. n. var. gattii and C. n. var. neoformans is not specific to debris of particular tree species, but instead is more generalized. Currently, the worldwide reported list of trees harbouring C. neoformans includes 22 species from 17 genera belonging to 9 families (Table 4 ). This number is likely to grow over the course of time. Nine species representing six genera have exclusively yielded C. n. var. gattii , serotype B, whereas seven species from seven genera have yielded C. n. var. neoformans, serotype A (Table  5 ). Five species of five genera have been found positive for both varieties. However, C. n. var. gattii , serotype C, has been isolated only from Terminalia catappa, the native almond tree, in Colombia [14] and there is little information to date on its natural habitats. C. n. var. neoformans serotypes D and AD are also little known from vegetational habitats. More extensive environmental studies are warranted, especially in the many Decayed wood of S. cumini and F. religiosa as natural habitat of C. neoformans 207 countries yet to be investigated for C. neoformans, to further elucidate the natural occurrence of the varieties and serotypes of C. neoformans. A question has been raised [38] about the efficacy of simplified Staib's niger-seed agar, excluding creatinine and KH 2 PO 4 , for isolation of C. n. var. gattii from environmental sources. This medium was employed previously by Randhawa et al. [15] and was used in the present study. That we isolated C. n . var. gattii and C. n. var. neoformans with equal frequency from inside trunk hollows of S. cumini trees demonstrates that the simplified medium is well suited to environmental screening of both varieties. Staib's argument that C. n. var. gattii utilizes creatinine more efficiently than C. n. var. neoformans, and is thus best isolated on creatinine-supplemented medium, appears not to be well founded, in that C. n. var. gattii has no essential requirement for creatinine. Laboratory studies have confirmed that the simplified medium is an adequate substrate for growth of both C. neoformans varieties [21, 39] .
Concerning the role of the various factors supporting colonization by C. neoformans of decaying wood in trunk hollows, the ability of the fungus to produce a lactase enzyme may be an important characteristic. This enzyme is involved in degradation of wood lignin by other basidiomycetes [40 Á/44] . It has been suggested that C. neoformans and its teleomorphs are associated with wood decay as a part of the succession of decomposers of lignified substrata [13, 45] . The microenvironment of trunk hollows also provides a humid niche protected against sunlight and rapid desiccation by winds. In order to elucidate the complexities of the ecology of C. neoformans, the need for further studies cannot be over-emphasized. Angophora costata , Sydney red gum. Myrtaceae [17] Terminalia catappa , native almond tree. Combretaceae [14] Adenanthera pavonina , coral wood, redwood. Mimosaceae [18] Caesalpinia peltophoroides, sibipiruna. Caesalpiniaceae [18] Erythrina velutina , mulungo. Fabaceae [18] Cassia grandis, pink shower tree. Caesalpiniaceae [11] Ficus religiosa , peepul, bo tree, bodhi tree. Moraceae [Present study]
Eucalyptus grandis, flooded gum, rose gum. Myrtaceae [17] Eucalyptus camaldulensis, Red river gum. Myrtaceae [7] Miroxylon peruiferum , Peruvian balsam. Fabaceae [18] E. haemostoma , scribbly gum. Myrtaceae [17] Ficus microcarpa , laurel fig, Indian laurel, Green Island fig, Chinese banyan. Moraceae [11] Senna multijugga , November shower tree. Caesalpiniaceae [11] E. microcorys, tallow-wood. Myrtaceae [17] Syzygium cumini , Indian black berry, black berry, Java plum. Myrtaceae [present study] Tamarindus indica , tamarind. Caesalpiniaceae [15] E. tereticornis, forest red gum. Myrtaceae [9] Theobroma cacao, cacao, chocolate tree, cocoa. Sterculiaceae [18] Guettarda acreana , quina quina, yaki. Rubiaceae [16] Moquilea tomentosa , pottery tree. Rosaceae [12] Syncarpia glomulifera , turpentine tree. Myrtaceae [17] 
